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ABSTRACT

Thié thesis is an analysis of the one-on-one ASW search
problem using a random active search strateqgy in an environ-
ment that favors the target's counterdetection ability. The
objective is to determine an optimum ping strategy by simu-
lation of the definite-range problem, approximation by an

analytical model and use of empirical regression techniques.
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I. INTRODUCTION

A. THE.THESIS OBJECTIVES

This thesis documents the analysis of one-on-one ASW

encounters between a surface searcher using active sonar and

an evasive target submarine. The analysis is based on data

generated by a computer simulation of the relative motion
the two adversaries over time. The specific objective of
this analysis is to prescribe a strategy for selecting a

searcher ping interval which maximizes the probability of

detection in an environment which favors the target's counter-

detection ability.

B. THE SCENARIO

A single surface ship is assigned to search for a sub-
marine target of interest using active sonar within a region
several hundred thousand square miles in area. The acoustic
environment is considered homogeneous throughout the area.

Thus for any particular case, the sonar range is considered

;.

a constant. - : 3

1. The Searcher's Tactic

The searcher's tactic is to move through the area

a set speed, changing course randomly at times described by

an exponential distribution of mean 1/6. The use of the

exponential distribution for this purpose seems tactically

prudent because of its memoryless property. The searcher
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pings at times selected at random from some distribution.
By this tactic, the exact time between successive pings is
made unpredictable.

2. The Target's Tactic

The target is patrolling the area of interest at a
set speed, changing course randomly at times also selected
from an exponential distribution, not necessarily the same
as, but independent of, that of the searcher. The target is
capable of counterdetecting the searcher's transmissions at
ranges greater than the searcher's detection ranges. It is
assumed that the target has no method of detecting and
locating the searcher other than by passive detection of the
searcher's transmissions. If the target does counterdetect
the searcher outside the searcher's detection range, he
sprints away from the searcher radially at a speed greater
than that of the searcher. The duration of this sprint is a
tactical decision made by the target, based on what he con-
siders a "safe" range, and can only be estimated by the

searcher.
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II. MODEL DESCRIPTION

It is commonly assumed that the time, T,, required for
a randomly moving searcher and target to first come within
some relatively small range of one another is distributed
exponentially with a mean that is a function of that range,
the searcher's and target's speeds, and the size of the area
in which they are confined [Ref. 1]. Intuitively, it would
seem if the searcher selects a ping strategy that maximizes
the probability of detection, given that the target is
within counterdetection range, that strategy tends to mini-
mize the expected total time, T, spent searching in the area
for the target. With this in mind, a model of the search

problem after the realization of T0 is described below.

A. THE EVENT DISK

In the model used for simulation, the event disk, i.e.,
the region within an event circle of radius C, the counter-
detection range, represents the area in which any interaction
between the target and searcher must occur. Concentric with
the event disk is the searcher's detection disk of radius D.
The event disk is centered on that opponent with the higher
speed. Figqure 2.1 illustrates the case for which the searcher
is at a higher speed than the target, but the labeling is

completely arbitrary because of symmetry. If the target is at
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the higher speed, he is placed in the center. All relative

relationships remain the same.

B. THE .EXPECTED SEARCH TIME
. Once the target has entered the event disk, one of three
events must occur:

(1) The target departs the event disk before the searcher's
first ping, by virtue of the relative motion between
the two.

(2) The target sprints out of the event disk as a result
of being located in the counterdetection zone but not
in the searcher's detection zone when the searcher
pings.

{3) The target is detected as a result of being located in
the detection zone when the searcher pings. This event
completes the search.

If Events (1) or (2) occur, then there is a possibility that,
eventually, the target will again enter the event disk.
Therefore, once the target has entered the event disk for the
first time, the remainder of the search can be thought of as
a series of cycles during which the target is either detected
or not detected. This suggests the use of the geometric dis-
tribution to describe the process. If the search requires N
s..ch cycles, then (N-1) of the cycles must have resulted in

no detection occurring. Therefore, if P is the probability of

detection, the probability that the search requires n cycles

! is

L]

:

o

L n-1

b P (N=n) = (1-P) P (2.1)
i
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Determining, E[T], the expected total time for completing
the search requires that two additional variables be defined.

Let

1,2,3,...,n

i

Tc(i) i
be a sequence of independent, identically distributed random
variables describing the cycle time ror the ith cycle and
let Tq be the time required for the target to enter the detec-

tion zone and be detected, given he is located on the perimeter

of the event disk. Then

(2.2)

and

E[T|N]

E[TO] + (n+l)E[TC] + E[Td] (2.3)

Removing the condition on n results in the following

expression:

1

E[T] = E{EIT|N]} (n=1) (1-p)" " "p

e~ 8

E[Tol + E[TC]

n=]1

+ E[Td] (2.4)
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The summation term is easily collapsed. Let

s = § (m-La-»Plp -
n=1 n

n(i-p)"p =

77

It 0~ 8

0

L | e

0 + (1=P)P + 2(1-P)%P + ... (2.5)

R

“IL f -

.
2ty

Then

Y,

- '.' . '.‘ -
' .
TR T N

(1-p)s = (l-P)2P + 2(l-P)3P + 3(l-P)4P + ... (2.6)

s
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Subtracting Equation (2.6) from Equation (2.5) yields

Bt
Pt s

T
’
AT

PS = P(1+4P)[1 + (1+P) + (1+P)2 + ...] (2.7)

A

The sum inside the brackets is a geometric series which con-

vl

-1
LLL

verges to 1/P. Therefore

\ ‘;{ o

vy
S

L

E(T] = E[T,] + (%-—l)E[TC] + E[T,] (2.8)
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It can be seen that maximizing the probability of detection,
P, will aid in minimizing the expected total search time. It

is for this reason that this thesis concentrates on the prob-

lem within the event disk; that is, finding a ping rate which

.
'l'l
. 2 >

maximizes P.
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C. CRITICAL ASSUMPTIONS

Several assumptions have been made to simplify the model

and analysis of the generated data. 1In addition to those stated

previously, the following also apply:
(1) The occurrence of detection and counterdetection events
is determined using a definite-range or "cookie
cutter" model.

(2) The target and searcher have negligible baffle areas.

(3) Detection and counterdetection ranges are not degraded
with speed.

(4) There is no convergence zone considered, nor are there
any gaps in the event circle.

(5) The target is strictly evasive.

(6) Counterdetection range as used in the model should be
considered t. > target's minimum desired range to the
searcher. It is assumed this range is at least twice
the detection range.

D. THE REQUIREMENT FOR A PING STRATEGY
The assumed existence of a definite counterdetection range
greater than the searcher's detection range reguires that the

searcher have a well-defined minimum interval between any two

active pings. This minimum interval is:

0
I
o

Imin = (2.9)

()
+
<

where C is the counterdetection range, D the detection range,
and the denominator is the sum of the two speeds. This is
merely the time required for the target to move from the
perimeter of the event disk to the detection zone at the maxi-

mum attainable relative speed.

12

' ‘.?."" Y.

I PLOINTE

~la ]

x;fc_; b

g
.

Bl AR

:'l.‘l..'\ ' "- :"‘ AT
4 'y PIATCRIEI,

a0



There is also a maximum practical ping interval that is EX
not as well defined. That is, if the searcher pings very
y infrequently he loses the opportunity for detection because
the taréet may transit in and then out of the detection zone
between pings. This "maximum" should depend upon the size of
the detection zone, and the relative motion between the '
searcher and target. It is because of the relative motion

aspects that this maximum practical interval cannot be defined

i«
e

as easily as the minimum. The existence of a minimum ping

- .
: interval below which the probability of detection is zero, fi
and a "maximum" ping interval beyond which the probability of 2
‘ detection is small, implies that the probability of detection 2
E reaches a maximum between these two extremes. This maximum E
should be a function of the ranges and speeds specific to each 2
particular case. Therefore the first step is to determine a E:
ping strategy as it depends upon the independent variables. S
This will be done by simulation, approximate analytical modeling, :
\ and a blending of the two by an empirical regression technique. E
‘ E. DATA GENERATION l:
The equation for probability of detection if both searcher ;
. and target remain on constant courses and speeds is complex g}
. but can be solved using polar coordinates and some trigonometry. ;’
. ' However, in the problem at hand, both relative speed and its
E direction change randomly. This urges the use of simulation f
. to generate data on relative courses and positions. f

13

N e



The simulation program for the definite range problem 3
(included in Appendix C for informational purposes) supplies
as output the number of detections, the number of counterde- ¢

tections, and the number of times the target departs the event

eV

disk before the first ping, for a given ping interval, detec-

- tion range, counterdetection range, searcher speed, and target

4
e ay

- speed. The frequency of course changes, the searcher course,

and the target course are determined by random number generators.

All relative motion is placed on the target using trigonometric

arguments with the searcher remaining at the coordinate origin. "
Because each interaction begins with the range between

the searcher and target decreasing to C, it follows that the

initial relative velocity must be directed into the event 3

disk. To accomplish this in the simulation, the first rela-

o ¢

tive velocity vector was determined by assuming that the

searcher's speed component directly toward the target was just -;

greater than the target's speed. After the initial leg, all

motion was unconstrained. So after several course changes, e

the effect of the initial leg is "forgotten" by the process. o
An alternate method, not used in this thesis, would be to

let the target's initial relative angle on the bow be selected

from a cosine distribution. That is,

cos 6 de

N =
S—

P(Relative AOB < ¢)

Lisin ¢ +1), -1/2 < ¢ < 1/2 (2.10) R

..........
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This procedure is suggested by Koopman's observation that
when searching for a stationary target, the bearing of

initial detection will have a cosine distribution [Ref. 11}.

n
by

It is not known which of these methods is more correct.
It may be possible to derive an exact expression for the joint
distribution of the target's relative speed and course at
detection, but this was not accomplished here.

Once the time for the first ping is reached, the replica-
tion is stopped. The range between the two is calculated
and compared to the values for C and D to determine which of
the possible events has occurred. The outcome is stored and
the whole process is repeated for the desired number of trials.
The data is then analyzed to obtain estimates of the proba-
bility of detection and other relevant quantities, such as

expected times within and without the event disk.
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III. DETERMINATION OF THE REGRESSION MODEL

Once the data has been generated, regression may be used
to determine an empirical predictive formula for the optimum
ping rate. Armed with only intuitive hypotheses, the search
for the "best" functional form of the input variables would
be difficult. So it is desirable to find some theoretical
guidelines for selecting candidate explanatory variables to

use in the regression model.

A. USE OF THE VON NEUMANN FUNCTION

The theoretical model selected for use is one for energy
transmission and return when the target's motion is modeled
by a diffusion process. Define the searcher's location as
the origin on a Cartesian plane, and define the target's
location at time t, as [X(t),Y(t)]. Let the target undergo

Brownian motion so that its location at time t is described

by

X(t) -~ N(X(0,0%¢)

Y(t) -~ N(Y(0),0%t)

and let the searcher's probability of detection, for a ping at

e v T
& a v L

time t be

16
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2 2 2
P(t|x(t),Y(t)) o~ (X(E)T+Y(£)7) /6

2Rt ?) /62
= e (3.2)

where R(t) is the range from the searcher to the target and
62 is a, thus far, unspecified constant. The constant § in
the detection function (Equation (3.2)) plays a role analogous
to that of the detection disk radius, D. 1In particular, § is

that range where the probability of detection is e‘-]'/2 > 0.607.

Removing the condition on position by integrating over
all values of X(t) and Y(t) results in the following expression

for P(t):

» 2xm?e? | Sl -x(00) %) /0]
[e ——— e dx

- J2n02t

P(t)

SwwPst | Sice -y %) /el
e — e day

V2n02t

S UR(0)2/8%) /7 (1+o?e/62) ) )

= e (3.3)

(1 +02t/62)

Using the natural log function to linearize P(t), and

differentiating with respect to t yields

d 4nP(t) _ a?/6* [_1_53- (1 +é)] (3.4)
dt 1 +02t/62 2 o2 s?
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Setting the derivative equal to 0 results in the following

expression for T*, the optimum ping interval:

Therefore

l(R(O))Z 1

2'7 8 - .

T* = 52 otherwise (3.6)
(=}
8

Referring to Equation (3.2), suppose energy from a ping

transmitted from location (0,0) reaches the target with

probability

and the probability of the signal returning to the searcher

given it reached the target is

1 R(t),2

e

.........................

--------------------
..............



S AT LW el

Then the probability of the searcher detecting the target
becomes
_1,R(t),2 _i(R(t) 2

PR SR A
P(detection R(t)) o i

]
(]
o

= e (3.9)

which is also a Von Neumann detection function.

The intention at this point is to use the form of Equa-
tion (3.5) to develop an approximation for the optimal ping
interval TBR for the definite range problem. This is accom-
plished by setting R(0) in Equation (3.5) equal to the
counterdetection range, C, and recognizing that the parameter

§ is a "characteristic range”" for the Von Neumann function.

So

L2 S+ = 3 (3.10)
§ § S R r
o i
i
! where R and r are the ranges associated with the outbound
E and inbound acoustic paths.
.
Q Substituting into Equation (3.5) yields
l 1 2,1 1
$ 5 Cc™ ( E:—z- + ?) -1
, * =
4 TAR 71 i (3.11)
g oz + 3
/ C r
j 19
S “:‘;:;':-':‘.‘:':'.;':;'L:':\:;'_\__A : e R S G A R L T e




Letting r now be the active detection range, D, results in

the following expression:

C U, S A T U T GRS S Y T T
1
-

2 2
_ 1/c? : 1/p% - 2/¢
T* = [ 11 ]
DR 5;7 1/c? + 1/p? :
= 1 21[1/D - y/c?)
2062 1/p% + 1/¢°
2 2, 2
" c?. c?/m?% -
b = [ ] [—————] (3.12)
2 202 22 41

B. THE EXPLANATORY VARIABLES

It remains to replace the diffusion constant ¢ with appro-
priate random tour model parameters u, v, and A. Lambda is
the parameter for the exponential distribution describing the

minimum time between course changes for either of the adver-

saries. If 02 is a diffusion rate describing the relative

motion of the two then

2 u v (3.13)

is dimensionally correct and has some theoretical appeal.

Specifically, an unconstrained two dimensional random tour
with constant speed V and rate of course change xv can be

approximated for large times by a diffusion process with

constant Vz/&,[Ref. 2] . When two particles are simultaneously
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conducting random tours, then the composite random tour in

relative space has a rate of course change:
A= XA+ A (3.14)

and a random speed SR' If the angle between the V and U

velocity vectors is uniformly distributed between 0 and 2w

radians then the expected value of Sé is:

2T
5% / (U2 +v
0

2

1]

E[Sé] -2 UV cos6)dd

= U +vVv (3.15)

Using (UZ +V2) as a representative squared speed for the
composite random tour and X for the rate of course changes
yields Equation (3.13).

Equation (3.12) is related to, but probably unequal to,

the optimum ping interval for the definite range law model

that is being simulated. In order to better adapt the Von
Neumann model results to the definite range law data, one

5 *
can redefine TDR as

2 8. 2.2 8
_ AC 2.c%/p% - 1,°3
Thr = Byl——=—7-1 "I ]

(3.16)
(U™ +V7) c2/D2 + 1

and determine the parameters Bl, 62, and 83 by regression,

E
L
h
b
N
¥
,
’l
-
n
LY
»

using as explanatory variables, the quantities
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2.2
AC c?/p? - 1
{ ] and [Zte——=] .
(w2 +v2) c?/p? + 1

L N

It is acknowledged that Equation (3.16) is probably not
the "best" definite range law extrapolation of the Von Neumann

result of Equation (3.5). 1In particular, setting Gi eqgual

to the detection range D seems suspect since the active
detection process involves two-way propagation and 61 considers

primarily the return path. Nonetheless, Equation (3.16) was

N

tested as a candidate regression model and, as the next section

8y

b

documents, it performed quite well.
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IV. THE RESULTS

A tdtal of 180 cases were run using 4 different speed
combinations, detection ranges from 3 to 16 miles, and several
counterdetection ranges between 20 and 40 miles. The proba-
bility of detection was measured at each of 50 different ping
intervals, beginning at the practical minimum and stepped in
0.05 hour increments. A total of 500 trials were run at each
ping interval. The observed T* was that ping interval at
which the maximum probability of detection occurred for each
case. In the event of a tie, the earlier time was used.
Figure 4.1 illustrates the dependence of the probabilities of
detection, counterdetection, and departure on the value of
ping interval. As expected, the probability of detection is
0 until the ping interval is greater than (C-D)/(U+V), in-
creases to a maximum and slowly decreases to a small positive
value. The probability of departure increases with ping

interval, while the probability of counterdetection decreases.

A. THE EMPIRICAL PREDICTION FORMULA
Performing linear regression on the data, using the
explanatory variables discussed previously, produced the

following equation for predicting TSR:

2
Tr = 0.741—8 5 10-661

c?/p% -1,0.173
DR (U2 +v?) c?/p? +1

] (4.1)
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This formula explained 89% of the total variation in the data

and all coefficients were significant at the 0.99 level using

WP

‘._It“

Student's t statistic.

Y

T r

Tables (1)-(4) of Appendix A list the input variables,

\‘

observed T* and predicted T* for each case. It is immediately
apparent that the probability of detection at the predicted
value of T* is consistently less than or equal to that at
the observed value of T*. This is because of the initial
relatively crude method used to choose the observed T* for
each case. The values for the difference in the probabilities,
a measure of the prediction validity, are relatively small.
Figurce 4.2 1is a scatter plot of the probability of detection
at the predicted T* versus that at the observed T*. The ideal
+lut would be a straight line of slope 1 through the origin.
Tre least squares fitted line throudh the data has a slope of
.7+ and 1ntercept of -0.01. Many of the points away from the
:ia:.nal can be explained by examination of the raw data.
£+, the predicted and observed optimum ping intervals are

within 0.10 hours of one another, but the variance of the

sampled binomial distribution causes the two detection proba-

bilities to appear farther apart than might actually be the
case. It should be mentioned that smoothing half of the raw
i data using running medians followed by running averages
(Hanning) and using the same regression model did not alter
the coefficients of the prediction formula significantly.

! It did, as expected, tend to decrease the difference between

25
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the value for probability of detection at the predicted T*

and that at the observed T*.

B. CONCLUSIONS

The most significant finding is that it is possible to
determine an optimum ping strategy within the limitations of
the model. If a searcher were tasked with such a search, he
would not ever want to ping more frequently than the minimum
ping interval (C-D)/(U+V). This assumes the searcher has a
good estimate of the counterdetection range and speed of the
target. On the average, he would want to ping at a rate that
is slightly less than that prescribed by the prediction.

There are two reasons for this: (1) the probability of
detection decreases more slowly to the right of T* than it
increases at the left; and (2) any deviation to the right of
T* merely increases the probability of the departure event
occurring. The departure event is considered less detrimental
to the search effort than the counterdetection event, for
which the probability of occurrence steadily decreases.

The Von Neumann function seems well-suited as a theoreti-
cal foundation for determination of an optimum ping strategy.
This suggests that research into its use in a more realistic
model of active sonar search might prove valuable in predictions
of this sort. The extremely sharp cut off of the definite

range law is certainly an artificiality.

27

.............

[ A IR 4 N T Ut P I " PSR TRT S Sl ] o - ol
% : WS IRASLS W TR S (0 0 SR o e N I

LIS I Iy




- o T

"IN NW &5

. ¥ am

APPENDIX A

TABLES

ST SIS S Ve v s~ T

5 KTS

l.S/HR

LAMBDA:

TABLE 1
COMPARISON OF OBSERVED AND PREDICTED T¥

SEARCHER SPEED: 15 KTS TARGET SPEED:

~NDOVOVVDOYDHDONDNONIODDDDOVOOOOOMONNNFNNDONDON
Q¥ NIDINNNHFOONNNNHNOHN O NN DO NN OHHF M FHO PO
BHOOOO0HHOO0OOHHO000O0HHEO00000OHOOOOOAHHHO0O000000
DACCO0000000C0000000000083G0003000000C000000000

CO0OINNONINNOHINNOOCTNNNOOOOINOOOMNNOONNNOOONNO
¥ POONNNDILHIIS SO ON O NP DNRINNHAHAANNNNRN -
A A A A e e A A e e e A e e e e e N N N N N NN NN O O 0 0 0 0060

—
Q
3]
(44
Ay

~Q00OFOONVONONDNDONQNVONOIHIHHIDNNONOWONYONHFHFNOFOONNN
* OUNSOHNHN S NNNOANNO O ONHNHFNOOAMNHOO-OVF AN OHIN IO OO D At
DTOOOO11000111000011100000011000001111000000011

-----------------------------------------

nWnB..AUnUnvnvnvooo0000000000000000000000000000000000000

%)

0

@  INONINNOOINONONOONINNNOONANONOOOTONNO OO OO OO

OF FAIMINOONINI-DMRDODOVOMONHAGHAFOMDNONMHDOOODE
AR A A AR A A A N N N NN AN NN NN NN N O OO NS OO NN

345678456789455789045678901578901234890123456
alalalely) alalata ety

D(NM. )

C(NM. )
20
22
25
27
30
40

e e R A S " 3 4 €T

28

)
P P Y

o Lafe,

4

-

AN I o PP O L %




SRz FeraRA L] Famims | ORI OO  DERREARS! KEANANNH SEDERARH 'L > .-........\n

"
uuuuuu atatatalst e R A R P SRR

; ~OHHNNONOOVONONHIOHODNNHOOOHIODONDDDOFNNONNOHIHO ~
A% NAMSONONTOOMHHNI SO AN AN NNV FANMNO DO FN>HANHN OO~
HHOOOOHOO00RHOO0000HHO000000HO0000HHHHO00000000
OMOOCOC000000CEC00OC0000000E0C0000CCC0C000000000

DI

0]
K 000 OoONINNOOOONIINOOOOO0OONINNNOOOOONNNOOOOONINNOOO
Ak OOO0ON A rdMM MMM OO HEIII SN OO OOOININNH I I PR

FH ¢ v o 4 o o o o s o o o ¢ o o s 6 6 s s 8 ¢ v o 8 s 9 8 s o e & s s & 4 0 8 0 e o s s s
(alalalaleolel ool el el e L e L L L L L L Lo L L D Do o T Do Don Lo Dan Do Ean Tan Do Toh o [a [oh [ [N [ol [oh [ol

*x
[
Qa
m
]
3)
-t
o)
]
o
a9 nun
o
m AOFHFFNOOOINNNOANIFNOOOOHOOQWOVANOOWONNONIHDVONDNDNDDDVONO
- ¥ NH~O O OVIHNSO NI~V DM ONFHO OO0 TN SO AN OOHIMNO~DOON
(3} a — mTOOOOllOOOOllOOO001100000111000011111000000111 o
3 Mo . RO 0000000000000 OC0000000000CC000C000000000C000 ~
J m o E..% %]
< B HAN 0
H W0 AR M NOOoOoONONUNONOOOOOININOOOOOONINOOOOOINONOONNNONNINO
- MS O O e e et e A N A A A A N A N A A A NN NN N NN
A O IH<
. VR
Z  &ZOm ~
2 Nz =
2 - (] ]™] m 345678456789456789045678901678901234890123456
ﬂ lﬁ-u\ ~r—{irdr—i rfrtr{r{r{eird
o]
O




- 3 ; c e i} A ) \-.\mu
~u..q--.-.>.\ \\-—.-.-h.- ¥ . .‘... 2 N -sL&L\&

s‘\

Py q-__.rr T

~NFONHOODNONFONHFODONHFNOIOHINOHODINDDDOVOCDOINNO
Ax ANHFOONOMINOONO AN HFN-ONANI IO FNMIMN VDO INNNINFO OGOV
mTOO0011000011000000100000011000001111000000001
CWHOOOOO0000000000000000000000000000000000000000

9]
X NOO0oOONINOO0O0O0OOOOONNNOOOOOONOOOONNNIONNINNOOOOO
Ak 888888999999111110022222204“1444433333000000000

H
000000000000111111111111111111111111222222222

AOFOHIIONONDHHNOIFO I NOONOOWVNONDONNHONOIHONOOVOWD
% OOINE-HO D AIOMNOOANNNNNO DD NNOHO SO MO~ OMNOOODOV M
DTOOOlllOOOl11000011100000111000011111000000111

VPO00000000000000000000000000000000000000000000

n
H
o
(o]
—

N0 0O OLNONNNONNINNONOO OO QOO0 O0OOOINNOONNNOCOOOOOO0W
* I~OMO OO DBMROVNRHAMAOP—H—HO—AHNFNNOMNNINEO NN NRNO D

3
OHOHO00000OHOOOHAHOOO ittt rdrdrdrirt At N ANNNH A

1.5/HR

0
H
X
o)
N
o]
i
)
A
0
[
()
e
O
7
<
(5]
0

TARGET SPEED:

LAMBDA:

345678456789456789045678901678901234890123456
mlalalalel (alalalalatelyl

COMPARISON OF OBSERVED AND PREDICTED T*




~NOWIHOFNOOOIHDOOWVNONNOCONVOFHFOHOVIHIHIOWVIHFONNONOIOVOFNOD0
Q¥ OHFOSH-NNDAHSNOWN AP A IO MO N HOI NN O N M HN O NNNUIO DO OV
mToooo11000011000111200000111000011111000000000
cy\oooooo000000000000000000000000000000000000000
—

x]

X 0000000000 OININNNINIOONNINIIMNOOOOOOOOOOINNNINNINIIMNO QOO

P*T77777788888799999990000000022222221177777777_/
[elelolelolelelslalalalolelololeololelel ol Ll o ot e P e e e e L L e e e L T T L T P T

~OYWOVOHHODOHNIHFHOOWVWONNOONDONOWOHFODONONONOWOOIIVOWD
* N AHOI~OVANN D NOO AT AN I OO M IO O AN AN DD O NM
DTOo01110001110001112ooo01111000111112000000111

WPO0000O0O0000000000000000000000000000000000000

n
e
4
~N
—

TABLE 4
COMPARISON OF OBSERVED AND PREDICTED T*

]

0

m oOoounNNOoONONoONNOOONNOONNNILNOINNOOOCONONNNNNONNNO

O*T767787767778291999980099099319001200249436346
OO000O000O00O0O0OHOHOOOOQOOHHOOAOOHIHO rrirdrtrdrir4 NN 4

A AN M G R AT SRR RN

1. S/HR

0
3,
4
N
N
(@]
5]
1
[°
172}
¢4
(]
i
O
(44
<
m
0

TARGET SPEED:

LAMBDA:

345678456789456789045678901678901224890123456
almlalaly alalalalatalel]

$~II~’ A -l

ST LA



‘peads s ,I9Yysieas ayg
‘poeds s ,38baey 9yl
*93BUTIPIOOD-X S ,39b1e] 8YJ
*33eUuIpIOoOD-X Ss,38bael a9yl
Teaasjutr butrd 8ayyz burseaadutr ao03 quduwsaoutr ayI
‘I93UNOD TeTar
*38WT] JuUdIIND
‘putd 3sat3 wzw a1039q saanjaedap 38bae] Jo Jaqunu BYJ
‘TeAI2]uT butd Jusaand 3 SUOTIOIIIP JO Taqunu BYJ
JUaIIND 3 SUOTIODIIIPIJJIUNOCD JO Iagunu sYyJ
*3SIN0D juUa3IINd s, ,39bHael YL
*9SaIN0D TETITUT S,I9YdIess 3yl Uo AJepunoq JuT®I3suod ayf
*8SINOD JUBIIND S, IdYdIeas ayJ
‘Jaqunu wopued «mﬂucwcoaxw juaxano aygL
‘Joqunu wopuex (1’Q) wIOFTUN JUSIIND BYJL
‘69T 3ULIIND UO anp ST Hutd B JT PUIPIOSIP UT posn S[qeTaep
‘39S Bjep JIUSIIND U0 aeF SNU3 pPaIInsso sey eyl IIdd wnuwixep
*TeTI3 juaaans 103 Teaxajur butd syl

‘39S eje
AUSIIND I0F UNWIXeW e payseadlx LIdd UOTUM e Teaxsjur wcﬂm msm
*aanjiedsp 30 A3rTTqegqoad ayg
‘uor3oelap Jo Ajtirqeqoad ayjg
‘uot3o93iapiajunod Jo KAjrriqeqoad syj,

*3sIN0D TEBT3TIUT S,a9aYd-
~Je9S UTEJI}SUOD 03 PoOsn ‘TeTrd3 UL2IInd uo HbaT uorijoul jo Jaquny
*S19s ejep JO JIaqunhu OSYJ
‘sIaquUINu wopuex H@Hucocomxm purqaeaausdh a0z auraInoaqns ISWI YL
‘szoqunu wopuex (I’Q) wIoFTun HBurjzeIdUSH I03F BUInNOagns rISWI SYL
‘NXHO9 ‘I03elaush J2qunu WOpueI TeIjusauodxsd I0F pass ayJ
‘a9bhae] JI0 asysaIesas aIaYUlxrte Aq sabHueyd 8sIN0OD
U29M3Iaq 2WTY WNUTUTW FO UOTINATIISTP TeTiusuocdxs ayjz Jo uesaw ayg
‘anp sT Hburd B TIjun Hayl uo Hbururtewsa sury]
*8dNon ’‘IojeIsusb Jsqunu woOpuea wIoFrun Io0J paads SYL
‘@buel UOTIDSISP S, aaYydaesas ayg
‘utbtdo ajeurpaoo)
‘9buel UOTIDS]18PIAJUNOD S ,39bael aylL

*Teala3ur HBurt

SITAVIYVA IDJNOS VIVA A0 LSI']
g XIANEIdv

==-=-LIX3L
-==_10dL
===12J2L
=== SYIL
-== 123S
=== SYOS
=== d¥X34
-==_ONVY
===dNIld
=== NITd
-== ONId4

== XVKWId
== LIXAd
-=-=_13ad
== LAJOd

=== OJ'IN
- SLASAN
== NX399
-= S4dN9D
-=- q3Isd

-e-== NI
-- FWILA
--_@3IISA

eIl RSN AS ] (ARSI = JTIES PRIV PEP™ T W W

e

oy,

Y
Ty ¢

V.

gl Y

' Q]

/

tl
-
\-
\.

32




AL R AL S BT

-

0 'T+1I000I=I0Q0L (IONVYO ‘A7 "TONVYH "NV "TONYHJ "IO "FONYY

Aﬁmmoavszo*:*omqav+AAmmomvsza*>¥omqav-wauwmqm
o OL 09
o.ﬁ+q<Hmauq<me
0 'T+I12dl=10al (FIONVIA :FT  HONVY )II
(ZxxAL+Zx+XL )ILIO0SQ=TONVY
MMmmoa moua*:*mzHaaw+MMmmom SO0AxAxdWIIA )-XI=XL
SYDL INISAxNxTWILA )+( (SYOS INISAxAxIWILA )-AL=XL
mzmam-qumumzHaa
NIZHL(ONIJ "3 ‘AWIL )JI
umq*+ WILd=3WIL
e, w dXIY=931L
= 0.¢ct: B il 7 kc ommmw NX399 T1¥D
Jdx0 Zx wvaz<mnmmoa
(aNvy ' 1°'a3™sa)sdnoo 1Yvo
I0dSx0 "Zx (T )ANVI+1OdS~=S¥DS w. q "OFTIN )JI I
Jdx0 " 2x (T )JANVI=S¥IS
(aNv¥’'1°qadasa)lsgnoss T1I¥D
0=93'IN
0 "0=AWIIld
0 "0=3NWIL
FONVID+XIO=X1
(A/N)S0¥Y=103S
*0="IVIdL

(o]e

0

GHYTL
FONVED '1
FONVEA* A

ON

O0000 -~
ZENOonor-—
DO mFHhunnnwn ||

Q -
2
n
2
Q
<
)
4

, , L WITd

W3 IONVEA  TONYYED ‘N
JISaN

aaasd a3z

S
\ § \ \ \ h ~ Ao
MUZ<MMHmeMOHmmUmHQOmmm QmwmﬁmZOHm
A

>

"T=)sS0Qdv¥=1d
Mwwmm mdeOQ
mﬁ

p.&Ct- | aNYY "IVdY

ONIISIT WVID0¥d IDINOS VIVA JHL
O XIANEd3VY

=dWIL SNOILJO$

o€ o
(0} 4

o1 ]

33

dor




e S Shdieat g

wyee

AYINZS

ang
dols
(,7IYAYIINI ONId HOVA IV SIVIVYLI 00S NO ammw mmﬁve<zwm« 0SL
', *

:INI ONId ONISN gayydnooo ,‘€°sd’, :IdA 30 °"go¥d XVW,  ,0, ) LYWIO3 00L

’

:IONVY NOILDIIIMIIINNOD, ‘XS’ ,SIA ,‘T1°9d’, :ad4S Hmom<Hw xﬁvﬁ<zmom 0SS

(, oN IVIWIO0d 0S9

((Xp’'€-c3)e’'Xe’'1°La’ xm mm X9'Z Sd X aczmnm 009

ame amoo o.~xm I3a 7%
‘Xe’ ,LIXd #,'Xc’,13A0 # ﬁ NI ONIJ wa<zmo» 0LS
~ ok mmm AT T trer ﬁ JYWI0F 099

Pd "=

¢M*
:FONVY NOILOJ1IAA, ‘XS’ ,SIM ,‘'T°vd’, &m mmmom%mw.~ wH Om 923
* [ YINYg

, omn 79 1AL1AM
x<szqumbo>mmaHmz

NEHI(WITg "15 '13ad )1
LIX3d’13Iqod ‘13dd ‘' IIXIL 'LOADL’TOAL 'ONId(009 9 )dLIym
TYIYL/LIXII=LIX3d
IVI¥YL/13d0L=1300d
TVI141/10d1l=13ad
10QOL-IOAL-TVIYI=LIX3L 0§
dI_aNd

05 _OL O
NIHL(0 006G 03 “IVIYL )31 O¥%

Oo% OL 09
H+q<Hmauq<Hmw
zmmaAmoz<mu 19 "IONVYH )J 1
mzHa AWILd
IIN=9TIN
MN**ww+m**xavam ﬂumoz<m
((s¥O1)s00AxNx0FTL )+ ( (SYDS )SODAxAxOF1L

34

I

-'.‘.'(‘"I.'J'-'I.'

'... "_{ -....._’. "

Yy
L)



-

LA o o

e aTe T d T4 TEEEE e T, UVEEE Y Y W Y G TV N T Y W o TS Y VTV Y PV NEEETY T Y OV Y W v Ty v T % W w

-—

LIST OF REFERENCES

Kooéman, B.0., Search and Screening, Operations Evaluation
Group, Navy Department, 1946.

Belkin, B., Daniel H. Wagner, Associates Memorandum
(586.2) to Applied Physics Laboratory/Johns Hopkins
University, Subject: A Result Concerning Datum Aging,
22 December 1977.

AR sun T

35

‘e ‘a ‘- .
,.t. J-;.', A \'\":\'.\.fx\:d N L\\ \}\."



3
]
'
,
.
v
o T N

-
-

Y ’. I./-’k"

BIBLIOGRAPHY

o)

4

i gn e pe'y
£~

Ty

Karlin,.S., A First Course in Stochastic Processes, Academic
Press, Inc., 1969. .

.

Lx

[

Operations Analysis Study Group, United States Naval Academy,
Naval Operations Analysis, Naval Institute Press, 1977.

".:'.

oo a

Washburn, A.R., Search and Detection, Military Applications

F S
A&

Section, Operations Research Society of America, 1981.

.",'
[N

e A
" l. ~ a

v 3 Vv v
:'a'-r gy

-

.

Y

%

¢




TTATTET T A T RS W W YR W W W i

Wy YA %W 3 4 TUTEEEREC:y WORE 77 Y OWEEN T .V VLV, TLTLSOTEEEE Y VY LR R VYWV LE VAR T

LIESLACIE B

pa gt ‘ - LRIE) »' ' s a il gty B ot ot D s,

INITIAL DISTRIBUTION LIST

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22304-6145

Library, Code (0142
Naval Postgraduate School
Monterey, California 93943-5002

Naval Underwater Systems Center
Attn: M.J. Pastore

New London Laboratory, Code 33C3
New London, Connecticut 06320

LT. Walter J. Wright

Department Head School Class 093
SWOSCOLCOM

Newport, Rhode Island 02841-5000

37

No. Copies

2

by r"' ': , l").‘l [ \/ ".." A

‘v

FA RN
[} .'.' '«

PR AR
Ty Oy 4y 4 0 "

":‘r ‘v"t' % ‘B



R“""»‘N‘-uuu\mﬁm T R N R A R A S A T AU LA LN URNLUA L LT, - A LUVININ LW




